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LASING COMPOSITIONS AND METHODS FOR USING THE SAME 

The present invention generally relates to fluorescent chemical compositions, and more particularly tc 
fluore^chernica. compounds suitable for use in a variety of medical, industrial and scientific appl.ca- 



tions. 



is 
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A demand currently exists for fluorescent chemical compounds having a high degree of stability and 
ouantum fluorescence yield. These materials are usable for numerous purposes, including the generation erf 
!S?StSSSrtW Search has been conducted involving chemical laser systems capable dipbj 
^*e near UV/visibte/near IP. spectral regions. Dye lasers offer the greatest prom.se in meeting these 
easements According to Maurer, A.. Users - Lightwave of the Future. Arco Publish.ng Company Inc.. 
2r?2T?i» Jouid Tdye lasers were^ovefidlrT^i ikrly 60's. initial °*P« rt ™"^«^ « 
"cell" or container of chemical dye used to block the mirror shutter of a ruby laser absorbed about10% of 
th ruoy Ss ight and remitted it as coherent iight having a distinctly <^ ™* 
phenomenon was caused by the "Raman effect" in which the dye molecules the "Ql^wrth 

molecular vibrations in the dye causing emission of the light at a lower frequency compared to the .ncom.ng 

,,9h M^eTate'tgeO's. organic dye lasers tunable over a wide frequency range weredeveloped. The light 
beams produced by these lasers were capable of being concentrated into an extremely narrow band 
thrrtuch the use of defraction gradient systems or other optical devices. 

Tod£ dye Zs7r S are used for a variety of purposes in numerous technica. fields including med.c,ne 
and appUed physics. For examp.e. they may be used to conduct spectral analysis of chermcal compounds^ 
A?soThey are useful in facilitating the analysis of photosynthetic and biomolecuiar react.cn process^ Dye 
lasere in the medical field are used lor numerous applications including cancer therapy. ophthalmolog.cal 

^T^icX^etsing materials used in dye laser systems consist of Acescent organic gwg 

Safof wavetenoth tunabilrty. For example, the wavelength output of conventional dye lasers may be 
I^ ^TS^XJSm^m range Through the use of different dye types, laser 1^ output can 
be^hieved at wavelengths from near ultraviolet to near infrared. According to Laurence supra, dye lasers 
are?eadi£ , ton e rbecause the chemical dyes which they use have specific vibrational and rotational energy 

30 ^^LT«Z^T£ * dye lasers is presen«,y accomp.ished by trie, and enor Numerous 
oraanic imSunds showing strong fluorescence have been synthesized and are commercially avaHab e. 
Zever vTry ?ew of these materials are suitable for use in dye lasers. Currently used laser dyes pr.manly 
cTstst of coumarin and rhodamine compositions. These dyes, along with other commerce. y avajabte 
mSs hale only moderate energies and relatively high degrees of photodecompos.tJon. In addrtion 
S^£Z£%m require excitation using flashlamp systems with steep ^me s of m.crosecond 
or less Flash amps meeting these requirements are difficult to construct for operation above 200 Joules. 

lome o f E pro'tems'associateo with presently avai.ab.e laser dyes are related to me accumu ajon o 
dye molecules in a triplet state due to intersystem crossing. The Wplet state "f^ 1 ***^* 
a variable degree of efficiency, depending on the magnitude of triplet state absorption. Tnplet-tnplet (T-T) 
absorption is rather strong in most conventional laser dyes which are currently available. 

S presen invention invotves improved laser dye compositions which are supenor to previously used 
dyes in a variety of ways. Primarily, the dyes described herein have reduced ^ ai^on and Mower 
laser action threshold. This enables the use of f.ashlamps with slower r.sefimes. These ^^ps^ave a 
onger functional life since they operate at .ower driving voltages. Furthermore a ^e ^^on 
of L flashlamp pump light due to reduced T-T absorption enables the production of a h.gher ntens.ty r laser 
beam. FinaJy. the dyes described herein have improved photochemical stability wh.ch results m reduced 

dearadation of the dye materials. , ^ , . 

Another important use for fluorescent dye compositions involves the detec^on and d.agnos is of 
diseased tissues using photodynamlc -therapy (PDT) techniques. These techn.ques tradrtona^r .nvclve he 
SmLtration of a photosensitizing drug to a patient, resulting in a distr.but.on °< the drug T S',! 
SSenrs body. The drug subsequently localizes in an area of diseased tissue wh.ch .s then .llum.nated with 
Eght of an appropriate wavelength. This results in photochemica. reactions in the d.seased t,ssues wh.ch 
ultimately cause injury and/or death to the tissues. ,»i*™h 
Scientifically, there are two general mechanisms by which photosensit-z.ng drugs are chem.cally altered 
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upon illumination by an appropriate light source. The first mechanism (Type I) typically involves hydrogen 
atom abstraction from the drugs, thereby producing free radicals. Subsequent reactions of the radical 
products with other organic molecules or with oxygen results in biochemical destruction of the diseased 
tissue. 

s The other reaction mechanism (Type II) normally involves energy transfer from the electronically 
excited drugs to oxygen, producing singlet molecular oxygen which consequently reacts with a variety of 
substrates to produce oxygenated products. This pathway can also result in electron transfer from the 
excited drug to oxygen, producing an oxidized drug product in combination with superoxide ions. This 
reaction mechanism, along with the first mechanism described above is schematically presented in the 

w following formuia: 




20 

Photodynamic therapy has been used experimentally in cancer patients since 1972, with an estimated 
3.000 - 4,000 patients treated throughout the world in the last six years. One experimental drug known as 
Phctofrin II (a purified version of hematoporphyrin) is currently involved in randomized clinical trials. Other 
photosensitizing drugs used in photodynamic therapy procedures include phyhalocyanines (merocyanine 

25 540), substituted purpurines, xanthenes (Rhodamine 123 6G&B) cationic cyanine dyes, chlorine polymers, 
chalcogenapyrylium dyes containing selenium or tellurium atoms in the chromophore, phenothiazinium 
derivatives, benzophenoxoniums (Nile Blue A) and triarylmethanes (Victoria Blue BO [VB-BO]). The exact 
mechanisms used by the above chemicals to destroy diseased tissues (including cancer cells) upon 
exposure to an excitory light source is currently unknown. Moreover, the efficacy of these and other 

30 currently used chemicals in photodynamic therapy has not been entirely substantiated, although positive 
results have been demonstrated in many instances. 

Ongoing research has involved a search for photochemicals of improved stability which express 
minimal side effects. A major side effect caused by currently used drugs is the development of uncontrolled 
photosensitivity reactions in patients after systemic drug administration. Upon exposure to the sun, patients 

3S develop generalized skin photosensitization. Ongoing research has specifically involved a search for 
chemicals which avoid these side reactions. 

As described above, numerous chemicals have been synthesized which show strong fluorescence and 
potential value as photosensitizing drugs. "Fluorescence" as used herein is defined as a spontaneous 
random emission of light resulting from an excited singlet state <Si) of a molecule to the ground state (So) 

40 of the molecule. Many photochemical reactions arise from the triplet state (Ti ). However, most photochem- 
ical drugs currently of interest experience adverse effects when the molecules accumulate in a triplet state 
due to intersystem crossing. These triplet molecules consequently absorb light more or less efficiently, 
depending on the magnitude of their triplet state absorption and concentration. 

Thus, a need exists for photosensitizing chemicals which are useful in photodynamic therapy character- 

45 ized by reduced triplet-triplet T-T absorption upon the application of light from an external source. 
Moreover, a need exists for photosensitizing drugs which are easily activated and are photochemically 
stable. The present invention satisfies this need, as described below. 

50 Summary of the Invention 

It is an object of the present invention to provide new and improved organic fluorescent chemicals 
having a wide variety of uses. 
55 It is another object of the invention to provide new and improved organic fluorescent chemicals which 

are suitable for use as laser dyes. 

It is another object of the invention to provide new and improved laser dyes which offer a high degree 
of photochemical stability. 
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It is another object of the invention to provide new and improved laser dyes which are readily dissolved 
""TUTSSSr object of the invention to provide new and improved laser dyes which offer a high 
"TTa^ P-ide new and improved laser dyes with low tnp.et-trip.et (T-T) 

absorption thereby enabling the use of flashlamp pumping systems having slower "setames 

TTanofceT object of L invention to provide new and improved laser dyes whtch produce laser l.ght 
havina a higher intensity in comparison with the light beams produced using conventional dyes. 
Tt is anottTer object of the invention to provide an improved method for photodynarmc therapy. 
!! ?s arTher object of the invention to provide an improved photodynamic therapy method based on a 

npw class of fluorescent photosensitizing chemicals. 

It i > vet another object of the invention to provide an improved photodynam.c therapy method us.ng 
fluorescent pho^nsiLg chemicals which are flrst introduced into the cancer tissues, followed by 
pvnncmre of the tissues to light, thereby causing tissue destruction. 

m A filTSa of the invention is to provide an improved photodynamic therapy method us,ng 
»— ^ SSnTs 7*£Z -rapy ^ using 

fluortscer P ho» S e Jzing drugs having reduced T-T absorption with a minimum overlap of fluorescence 

^accordance with the foregoing objects, a new group of flourescent organic materiate having a wide 
varied S uSs dfectos*. The materials are especially useful as dye compounds in dye laser systems. 
Z 1 nhotochemrcaragents in the treatment of diseased tissues using photodynamic therapy techn.ques. 
The ^£SSSLSHn invo,ve a substituted tri-cyclic compound having the foilowing structure: 



r 



in the above structure. R, - R 2 , consist of a variety of selected organic and inorgan.c groups. The resulting 
lomLs^ons a e high y fluorescent, photochemically stable, and exhibit low T-T absorption levels 
* T e r^ro!ler objects, features, and advantages of the invention wil. be described below ,n the 
following detailed description of a preferred embodiment and accompanying examples. 
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Brief Description of the Drawings 



Fig 1 is a graphical representation of laser energy output as a function of energy for Preferred 
compounds of the invention (4.4-difluoro-1.3.5.7.8-pentamethyl-4.bor a -3a. 4a-d,a^-s- ,n dace ne^ and J he d.s- 
oSm salt of 4.4-difluoro- i.3,5.7.8-pentamethy..4-bora-3a.4a.dia 2 a-s^ndacene-2.6 disutton.c acd mon- 
80 ohvdrate) in comparison with previously known materials (Rhodamine 6G and Coumann 545). 

° hyd a S g 2 T a graphical representation of the absorption and fluorescence spectra o a preferred 
compound of the invention <4,4-difluoro-1.3,5.7,8-pentamethyl-4-bora-3a, Aa-diaza-s-mdacene) dissolved ,n 

ethanot. 

55 Detailed Description of a Preferred Embodiment 
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In accordance with the present invention, improved fluorescent chemical compositions are disclosed 
which have a variety of uses. As previously described, they are especially useful as dye media in laser 
systems, and as photochemical agents in photodynamic therapy techniques. In dye laser systems, the 
compounds described herein are superior to currently available dyes, including coumarin and rhodamine- 
based compositions in terms of power output, photostability. and soiubility. When used in photodynamic 
therapy techniques, they are highly effective in destroying diseased tissues, including cancerous tumors 
and lesions. 

The basic chemical tri-cyclic structure of the compositions described herein is as follows: 




In this molecule. Ri - R 2 » involve the following substituents: 

Ri = C, N, B, Zn. Mg. or Cu 

R 2 = C or N 

R 3 a C or N 

R* = C. N. O or S 

R 5 = C or N 

R« = C or N 

R? = C, N, B. Zn, Mg, or Cu 

R 8 - C or N 

R 9 = C or N 

Rio = C t N, O, or S 

R,, = CorN 

R12 = CorN 

R, 3 - R, 9 = H, CnHzn*, (n = 1-3), phenyl, naphthyl, pyrryl, pyrazolyl, triazolyi. tetrazolyl. oxazolyl, 
isoxa20lyl, thiazolyl. isothiazolyl, C 1i F 2n ^ 1 (n = 1-3), ArF (Ar = phenyl or naphthyl), RCO (R = C n H 2rtM ; n 
= 1-3), <C„F 2nM )CO <n = 1-3), SO3M (M = Na or K), C0 2 H, CO2M (M - Na or K)> C0 2 R (R = C n H 2n+1 ; n 
a 1-3), C0 2 CnF 2n , 1 (n = 1-3), cyclic alkyl groups having the formula C„H 2n -i (n = 4-6), olefin derivatives 
having the formula C n H 2n ., (n - 2-4), C n H 2n . 2 <n = 2-4), C n H 2fWT1 <n = 2-3; m = 2-3). CONH 2 , CONHR (R 
= C„H 2nM ; n = 1-3), CON(R) 2 <R = C„H 2n .,; n = 1-3). F, CI, Br, I, CN, NC, N0 2 . NO, ArN 2 (Ar = phenyl 
or naphthyl). NH 2 , NHR (R = C n H 2 *,; n = 1-3). N(R) 2 (R = C„H 2 „*i; n = 1-3), NHCOR (R = CH^*,; n 
= 1-3), NHCOAr (Ar = phenyl, naphthyl), NCO, C(NOR)R (R = CnHj,,,^; n = 1-3), S0 3 R{R = CnHfa+i; n 
= 1-3), SO2R (R * C n H 2n . t ; n = 1-3), PO3R (R = C n H 2n .t; n = 1-3), (CH 2 )„ Ar (n = 1-3; Ar = phenyl, 
naphthyl), <CH 2 ) n Het (n - 1-3; Het = pyrryl, pyrazolyl, triazolyi, tetrazolyl, oxazolyl, isoxazoiyl. thiazolyl, 
isothiazolyl) (CH 2 ) n COR (R = C n + H 2n . i: n=l-3), (CH^nCOfCnF^.,) (n = 1-3), (CH 2 ) n S0 3 M (n = 1-3; M 
= Naor K), (CH 2 ) n S0 3 R (R = C„H 2 „.i; n = 1-3), (CH 2 ) n S0 2 R <R = C n H 2n ^; n = 1-3); (CH 2 ) n C0 2 H (n a 
1-3). <CH 2 ) n C0 2 R (R =C n H 2n . 1 ; n = 1-3), (CH 2 ) n F (n = 1-3), (CH 2 ) n CI (n = 1-3). (CH 2 )„ Br (n a 1-3), 
(CH 2 ) n I (n = 1-3), (CH 2 ) n CN (n = 1-3), (CH 2 )„NC (n = 1-3), (CH 2 )„N0 2 (n a 1-3), (CH 2 ) n NO <n = 1-3), 
<CH 2 )„ArN 2 (n = 1-3; Ar = phenyl, naphthyl), (CH 2 ) n NH 2 (n * 1-3). (CH 2 ) n NHR (R = C n H 2 „*i; n = 1-3), 
(CH 2 )„N(R) 2 (R = C n H 2nM ; n = 1-3), <CH 2 ) n NHCOR (R =C n H 2n . 1 ; n = 1-3). and (CH 2 ) n NHCOAr <n = 1-3; 
Ar = phenyl, naphthyl). 

R 2 o = F. C f ,H 2n .i (n a i-3) t phenyl, naphthyl, or H. 
R 2 - = F, C n H 2n *i (n a i-3), phenyl, naphthyl, or H. 

Preferred forms of the basic tri-cyclic compound described above are listed in the following examples: 



EXAMPLE I 
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20 <4,4-difluoro-i .3.5.7,8-pentamethyl 4-bora-3a,4a«diaza-s-indacene) 

To prepare this material. 2.4 dimethyl pyrrole (2 g. 0.021 moles) was combined 
acetyl chloride (18 ml) which was added drop-wise. This initial reaction and its .ntermediate product is 
25 shown as follows: 



Q\ l COL\ 




4 

M 

The above reaction was exothermic, and resulted in the production of a chemical ^ e *™^* d °* 
red crior The mixture was then heated under reflux for approximately 2.0 hours followed by dtsallatton , and 
emovai of excess acetyl chloride. The residue was treated with pentane, ^'^Z^^l 
mSes at room temperature, and pentane was decanted. The res.due was tnturated wrth pentane 
r pP mximately 50 ml) for about 1.0 hours. A black, finely divided solid was removed, washed I 
Srrately 10 ml of pentane. dried in air. and then dried in a desiccator under vacuum for about 2* 
STT5. materia., which represents the intermediate product 
40 (pentamemylpyrromethene hydrochloride) weighed approximately 2.5 grams and had a melting pent of 180 

' 18 NeS the pentamethylpyrromethene hydrochloride (2.5 g. 0.01 moles) was dissolved in 350 ml of 
tenzS' TrLnyl amine (9 6 grams. 0.095 moles) was then added to the dissolved pentamethylpyr- 
Smethene ny^chloride. and L mixture stirred at room temperature for about 10 "J™*"^ react™ 
flask containing these materials was subsequently purged with nitrogen. Boron tnfluonde etherate (16 mk 
0^3 N) wi Sded drop-wise over a period of 5 minutes. The mixture was heated under reflux for about 20 
m nutes atowed no cool to room temperature, washed with three 100 ml portions of water, aid dned over 
magnes um sulfate. The brownish-red solid product was purified by flash column chromatography over 
SSL with 60:40 benzene/pentane. This resulted in green-yellow fluoresce nt f 'artons^eh^ 
so subsequently combined and concentrated to a reddish-orange solid (2.1 grams^ The ^-drecr^talhzed 
f,nm «thvi acetate to oive 1 7 g of product (4,4-difluoro-l,3.5.7.8-pentamethyl-4-bora-3a.4a-d.aza-s-inda- 
ceneSH? BF N Z ] m p = 255-257* C). A^chematic summary of the manufacturing steps used to 
Produce the product from pentamethylpyrromethene hydrochloride is illustrated in the fo.iow.ng reaction: 
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BF 3 OEt 2 
C 6 H 6 
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The foregoing procedure resulted in a 69% product yield. With respect to use of the product as a laser 
dye it has a lasing threshhold of 9.5 kV, with a lasing wave-length range of approximately 532-565nm. This 
data was obtained using a 60 mg quantity of product dissolved in 250 ml of methanol in a 10 mm flashlamp 
D-1100 dye laser manufactured by the Phas-R Company of New Durham, New Hampshire (Model D-1100). 
In comparative tests, the product lased about 300% more efficiently than Coumarin 545 (a known lasing 
compound). 

Fig. 2 shows the absorption (S-S) and fluorescence (FL) spectra of the compound of Example I 
(designated PMP-BF2) dissolved in ethanol. The T-T absorption spectrum was recorded at 77K. employing 
a 1 x 10"* molar solution of 2-methyltetrahydrofuran as glassy solvent. 

In addition, tests were conducted on the product in order to determine its solubility/fluorescence in 
various solvents. One property of the compositions described herein involves a variable degree of 
solubility/fluorescence relative to the solvents with which they are combined. Data showing a variety of 
different solvents combined with the product of Example I is presented below in Table I: 

TABLE I 



25 








Fiuore* 


sconce 


Solvent 


Solubility 


Color of Solution 


Room light 


UV 




CH 2 a 2 


Soluble green 


yellowish green 


yellowish green 


yellowish 




CH3CO2C2H5 


partly soluble 


brownish orange 


yellowish green 


yellowish green 




0(CH 2 CH 2 )20 


partly soluble 


yellowish green 


yellowish green 


yellowish green 


30 


CH3ON 


partly soluble 


yellowish green 


yellowish green 


yellowish green 




C2H 5 OH(95%) 


partly soluble 


yellowish green 


yellowish green 


yellowish green 




CF3CH2OH 


partly soluble 


green 


yellowish green 


yellowish green 




(CFsfcCHOH 


soluble 


yellow 


green 


green 




CCIF2-CFCI2 


slightly soluble 


yellow 


green 


green 


35 


H 2 0 


insoluble 









In addition, experiments were conducted in order to determine the photostability of the product of 
40 Example I. Basically, a solution was prepared by mixing 0.1 g of the product with 50 ml of dichloromethane 
solvent The solution was placed in a 100 ml round bottom flask and irradiated with light from a sun lamp 
(250 watts at a distance of approximately 8 inches from the flask). No visual change in fluorescence was 
observed over a period of 22 days. However, another solution was made by combining 0.1 g of product in 
250 ml of CH 3 OH and 10 ml of CH2CI2. Addition of the CH2CI2 was undertaken to obtain complete 
45 dissolution. The solution was placed in a 250 ml round bottom flask and irradiated as described above. After 
8 days, no fluorescence was observed. Thus, the use of different solvents will cause a variation in both the 
character and duration of fluorescence. 



EXAMPLE II 
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R, = CH 3 Ru - CH 3 

R 2 = CH 3 R x3 - CH 3 

R 3 = CH 3 Ru = CH 3 

= CH 3 Ru « CH 3 

Rs = CH 3 Rib " SO a Na 

Re = N Ri? " CHs 

R 7 = B Ris = CH 3 

R e = N Rio •'■ SO a Na 

Rj ■ CH 3 R 20 - F . 

R 10 = CH 3 R21 = F 
R u = CH 3 



(Disodium salt of 4.4-difluoro-l.3.5.7.8-pentamethyl-4-bora-3a. 4a-diaza-s-indacene-2.6-diSulfonic acid mon- 

ohydrate) 

To prepare this compound. 0.5 g (0.002 moles) of 4>difl U oro-1.3,57.8-perrtamethyl^tora-3a.4^dla2a- 
s-indacene (prepared as described above in Example I) were combined with 20 ml of methylene^chlonde^ 
The ,ol fhese materia* (maintained at -10*0 was combined with a solution of atom**- u»d 

(0 24 ml. 0.004 moles) added drop-wise using a syringe. The mixture was storred at C tor approxi- 
mate. 0-5 hours and allowed to reach room temperature over a period of 1 hour. A suspended **£eoW 
was isolated by filtration, dissolved in 75 ml water and the solution was neutral.zed-w.th sodium b«Aonate 
(0 30 grams). Sodium bicarbonate was continuously added thereafter until effervescence stopped. The 
aqueous solution was concentrated to approximately one-quarter its previous < volume. Uporv tt»«UrtMnof 
aoout 15 mi of ethanol. a yellow precipitate appeared which was isolated and dned in M ^nder 
vacuum. The precipate weighed approximately 0.66 grams, had a melting point ofaboirt i260J C. and 
represented the final product (the sodium salt of 4.4-difluoro-l.3.5.7.8-pentamemyl-4-bya-3a.4aHl,a2a-s- 
SceneSiisulfonic acid monohydrate [CuH ls BF : N 2 0 6 S^^O]). Production of this product ,s 
shown in the following basic reaction: 

ETSTcTT ► 

With respect to its use as a laser dye. the product had a lasing threshhold of 10 kV with a lasing 
wavelength range of 545-585nm. This data was obtained using a 60 mg quantity of product dissolved in 230 
JJTSo in a 10 mm f.ashlamp dye laser manufactured by the Phas-R Company (Model D-1100). In 
addition, the product when solvated in methanol was 30% more efficient as a lasing compound when 
combined with Rhodamine 6G (another known lasing compound). 

As in Example I. tests were conducted on the product in Example II in order to determine its 
fluorescence in various solvents. Data showing a variety of different solvents combined with the product of 
Example II is presented below in Table II: 
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TABLE II 









Fluorescence 


Solvent 


Solubility 


Color of Solution 


Room light 


UV 


CH 2 CI 2 

CH 3 C0 2 C 2 H s 

0<CH 2 CH 2 ) 2 0 

CH 3 ON 

C 2 HsOH (95%) 

(CF 3 )2CHOH 

H 2 0 


Insoluble 
Insoluble 
Insoluble 

very slightly soluble 
very slightly soluble 
Insoluble 
Soluble 


yellowish green 
yellowish green 

reddish orange 


yellowish green 
yellowish green 

yellowish green 


yellowish green 
yellowish green 

yellowish green 



In addition, a further test was conducted in order to determine the photostability of the product 
Specifically, 2.0 mg of the product in a 100 ml round bottom flask was dissolved in 50 ml of H 2 0. The 
solution was then irradiated by light from a 250 watt sun lamp placed approximately 8 inches from the flask. 
UV spectral data was recorded periodically as shown below in Table III. 

TABLg IH 



TIME (h) & 

492 



0 76,995.38 

0.5 76,755-22 

1.0 75,556-52 

1.5 76,755.52 

2.5 75,316.35 



3.5 73,757.26 

6.0 69,799.55 

20. 0 52,049.62 

21.5 51,569-90 

23.5 46,173.05 

25.5 45,573.40 

28.0 41,016-06 

30.5 37,178.46 

44.0 20,388-19 

50.0 13,192.355 
52-5 599.653 



In addition to the two compounds described above in Examples I and II. the following is another 
preferred compound: 
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EXAMPLE 111 
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CH 3 
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*17 




CH 3 
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1*18 




CH 3 


R 8 
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^19 




H 


R9 




CH 3 


R20 
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Rio 




CH 3 






F 






CH 3 
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(4,4-difluoro- 1 ,3,5,7-tetramethyl-8-ethyl-4-bora-3a.4a-diacene). 

Table IV below summarizes the basic characteristics of the compounds of Examples I, II. and III in 
comparison with a previously known compound (Rhodamine 590). 

T. afi pr Characteristics nf Pvrromethene-BF, Complexes 
nnd ey Flash! amp Excitation 



cpd. 


Example 
T 


Example 


Example 


Rhodamine 

590 










X L (nm) 


542 


555 


540 


578 


AX 


532-565 
(33) 


545-585 
(40) 


537-560 
(23) 


565-612 
(47) 


Vth (kV) 


8-10 


10 


10 


8 


E 0 (mJ) 

(V = 18 kV) 


85 


80 


90 


100 


Life 
(kJ/L) 


50 (app.) 


very long 


* 


15 


Solvent 


DMA/MeOH 


DMA/MeOH 


DMA/MeOH 


DMA/MeOH 


Cone (M) 
X 10* 


1.5 


2 


2 


0.5 


* After 1000 


S at 25 J, 


E 0 - 80 mJ 







Other specific compounds of interest include: 



10 



EP 0 361 936 A2 



1) 




(s - Indacene) 



10 



15 



25 



30 



35 



AO 



2) 




(3a , 4a-Diaza-s- indacene) 



50 



£5 
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©IoTp 



(4 , 8-Diaza-s-indacene) 




(3,7-Diaza-s-indacene) 




phenyl, naphthyl or H 
-Disubstituted-pyrromethene-B-complex) 




M = Zn, Mg or Cu 



(Pyrromethene-metal complex) 
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7) 




F F 



W 



15 



(2 , 6-Dioxapyrromethene-BF 2 complex) 



8) 



30 



35 



60 



9) 



(2 , 6-Dithiapyrromethene~BF 2 complex) 



H 

i 



H,C <M* 



(2 , 3 , 5 , 6-tetramethyldiimidazole-BF 2 complex) 



45 



10) 




C«3 



55 



(1,2,3,5,6,7 , 8~heptamethylpyrromethene-BF 2 complex) 
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55 



ID 




H 3 C r " > CH, 



75 



20 



25 



12) 



(1,3,5,7, 8-pexvtamethyl-2 , 6- 
diaminopyrromethene-BF 2 complex) 




(1,3,5, 7-tetramethylpyrromettiene- 
BF 2 complex) 



30 



13) 



Hi? 




35 



40 



(1,3,5 , 7-tetramet:hyl-8-ethyl-2 , 6- 
diaminopyrroinethene-BF 2 complex) 



45 



14) 




50 



[1,3 ,5, 7-tetramethyl-8-azapyrromethene-BF 2 complex) 
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5 




H,C q CH, 



70 (/i-methylene-l, 3 , 5, 6, 7-pentamethylene- 

pyrromethene chloride) 



75 




O CHj 



(1,2,3,6,7, 8-hexamethyl-/i-methylenepyrromet:hene- 

5-one) 




(diethyl-l, 3 , 5 , 7-tetramethyl-8-ethyl- 
pyrromethene-2 , 6-dicarboxylate-BF 2 complex) 



45 



50 



18) 




55 



(disodium 1,3,5, 7«=tetramethyl-8~ 
ethylpyrromethene-2 , 6~disuf onate-BF 2 complex) 
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19) 



H>cq.s 




75 



20 



25 



(dimethyl 1,3,5,7,8 -pervtamethy Ipyrr omethene- 
2,6-disulfonate BF 2 ) 



9*3 ch, 



20) 




MjC ^p. «1 



30 



(dimetal 1 f 3 , 5 , 7 f a-pentaxnethylpyrronethene-2 , 6- 
disulfonate-BF 2 complex) ; 
M+ - Li+, Na+, K+, Rb+, Cs+, NH 4 +, 
(CH 3 ) 4 N+, OK 



35 



40 



HsCaNH 



CCdf 



IS 



X = CHR 

R = o-CsH^COzCjHj 



in addition Fig. 1 shows the laser output E (in mJoule) as a function of input energy E (in Joule) of a 
M 1 5 x 10- molar solution of the compound of Example I (designated PMP-BF 2 ) dissolved in ethanol. a 2 x 
10- molar solution of Coumarin 545 dissolved in ethanol. a 2 x 10- molar soiuta on of < Ceur^m «« 
dissolved in ethanol. 3 2x10"* molar solution of Rhodamine 6G dissolved in ethanol. and a 2 x 10 molar 
solution of the compound of Example II (designated PMP-BF 2 -suifonate) dissolved in ethanol. 

56 USE OF THE COMPOSITIONS AS LASER DYES 
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As previously indicated, the compositions described herein function efficiently as laser dyes when used 
with conventional dye laser systems. For example, an exemplary laser with which the compositions of the 
invention may be used includes a flash lamp-pumped dye laser system manufactured by the E.G. & G. 
Corporation (Model No. FX139C-2). This system has a flashlamp capable of producing pulses of approxi- 
s mately 200 ns risetime and 600 ns length at the half-width of the pulse. It is also capable of delivering 2 
Joules at 6.32 kV. 5 Joules at 10.0 kV, and 10 Joules at 14.14 kV. The cell or containment vessel used in 
the system to retain the dye is about 2.5 mm in diameter and about 50 mm long. 

As far as solvents for the compounds are concerned, the data in Tables 1 and II is of importance. With 
respect to the compounds of Examples I and II. CH 3 OH and H 7 0 respectively are preferred. In alternative 
jo systems, the compounds of the invention used as laser dyes may be in a gaseous form, or homogeneously 
dispersed in a polymer slug (e.g. a plastic such as methyl methacrylate). 

Upon excitation, the compounds produce laser light having a high quantum fluorescence yield with low 
triplet-triplet (T-T) absorption, as well as a high degree of photostability. This improves the overall efficiency 
of the laser systems with which the dyes are used in comparison with previously used dye materials. 

'5 

Use of The Compounds in Photodynamic Therapy 



20 As indicated above, the compounds described herein are also of value as far as photodynamic therapy 
procedures are concerned. Testing has shown that administration of the materials, followed by excitation 
using an appropriate light source can result in the destruction of cancerous tumors and lesions. 

Introduction of the compositions into the body of a subject is accomplished preferably by injection or 
topical application. Upon administration, the drugs spread throughout the body and into regions of diseased 

25 tissue (e.g. cancer tissue). Thereafter, the compositions are illuminated using light from a conventional light 
source (e.g. laser, sun lamp, etc.). In cases of cancer wherein the neoplastic growths are relatively near the 
skin surface, the light is applied directly through the skin. In other cases where neoplasms are deeper within 
the body (e.g. in the urinary bladder, gastro-intestinal. tract, respiratory tract, etc.) the light would be 
introduced by non-surgical or surgical entry into the body. For example, if the diseased tissue is in the 

30 respiratory tract, access could be accomplished by either surgical entry or non-surgical entry through the 
mouth using a fiber optic illumination system or the like. 

It is also possible to encapsulate the compounds for use in creams, ointments, and the like. This is 
accomplished by the preparation of multilamellar liposomes. Liposomes are produced using a liposomal 
dispersion known in the art. For example, an exemplary dispersion would contain 10% phosphatidylcholine 

35 of vegetable origin commercially available from the Princeton Lipids Company. 

To produce a supply of encapsulated product, about 50 mg of a selected compound is dissolved in 0.5 
ml ethanol added to 1 ml of the liposomal dispersion described above. The combination is then mixed for 
15 minutes, with mixing of the materials being enhanced by the use of small glass mixing beads added to 
the materials. Thereafter, the materials are placed in a shaker bath for an additional 30 minutes. The 

Ac resulting product is allowed to equilibrate for one hour at room temperature, followed by removal of the 
beads therefrom. At this stage, the product contains a discrete aqueous layer from which liposomes are 
separated. Separation occurs by centrifugation, with complete separation and isolation of the liposomes 
being accomplished by washing the liposome-containing isolate with 5 ml of ethanol three times (three 
separate washings). 

45 The ethanol mixture is then centrifuged at 15,000 rpm for 15 minutes at 4*C. The supernatant 
containing untrapped drug is decanted, with the residual pellet resuspended in 1 ml of ethanol followed by 
recentrifugation to remove additional untrapped drug. The resuspension/recentrifugation process is prefer- 
ably repeated at least three times. The remaining liposomes may then be sized by passage through 
molecular filters of selected diameters. At this stage, the isolated product is suspended in 500 microliters of 

so 0.1 M phosphate buffer (pH 7.4) to yield the final product. For topical use, the product may be mixed with a 
propylene glycol cream known in the art. 

Regardless of how the compounds are delivered, the activation thereof by illumination with an 
appropriate light source results in photochemical processes which destroy diseased tissues. Specific 
examples of this procedure are described below: 

55 

In Vivo Tests 
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Cancerous tumors were induced in fifty-day-old female Sprague Dawley rats by the oral feed.ng of 20 
milliorams of dimethylbenzanthracene (DMBA) in 2 ml peanut oil. Tumors developed within s.x to eight 
reeSTfter feeding. After tumor development, an aqueous solution of the product of Example I. d^cr-bed 
TSve (me disodium salt of 4.4-dif.uoro-1.3.5.7.8-pentame^^ 
s S monohydrate) was injected into the rats. A 25 mg/ml of H 2 0 solution was used. Thereafter, the rats 
wefe anesthetized using phenobarbital <2mg/kg i.p.) and exposed horn 10-30 minutes to light from e.ther a 
S watt un1a mp or a?gon laser (488/514 nm and 628 nm). Tumor necrosis was ob.erved^n fc.r days 
with greater than 75% tumor destruction. Normal tissue was not influenced. It ,s heonzed that the 
compounds described herein, including the product of Example II reacts .n a singlet state wrth tossue 
,o according to the first reaction mechanism (Type I) described above. 

Human cell tests were else conducted involving the product of Example II. Human ovanan cancer cells 
(10^ Jere incubated with the product (0.4 ug/ml of standard RMPI tissue culture media) for 30 minutes 
The c^lfs wire then washed and resuspended in the culture media and irradiated with a sun lamp (550 nm) 
foMoS mtnuis When compared to control tests which either involved light only (no product addition) or 
is Droduct alone (no light), 100% inhibition of cellular growth occurred. 

In addition, tests were conducted involving two female human subjects with advanced chest waH 
metastasis from breast cancer. The subjects were treated topically with the compound of Example II (0.3% 
rdfmX su«oS on affected areas of the cheat wall. After 30 minutes, the affected areas were exposed 
to taWtam a son lamp (550 nm) for 5-10 minutes. The distance of the lamp from the skin was 15 cm. The 
non-cancerous areas of the skin were covered with towels for protection 

After irradiation, the treated areas were washed with tap water, dried, and exposed to air. Thereafter, the 
affected areas were treated once per week. Both patients responded with substantial reductions in the sizes 
of the cancerous growths over a 3-6 week period. 

Finally the compounds of the present invention have therapeutic value in the treatment of non- 
cancerous gowths (e g. fibroblast development in warts, etc.). For example, fibroblasts m standard RMPI 
tissue cuL?e media (100 x 10' cells/ml) with 10% fetal bovine serum and 2% penicllin/streptornycm were 
eSosed tolo ujm. of the compound of Example I. for 30 minutes, followed by exposure to bgW .from a 
sun Tamp °S50 Z) for 10-20 minutes. Substantial cytotoxic effects were seen, with inhibition of fibroblast 

9r0V Having herein described a preferred embodiment of the invention, ft is contemplated that suitable 
modifications may be made by those skilled in the art. For example, a variety of different compounds using 
toe Sc to-cyclta structure presented herein may be used as laser dyes and/or photodynamic therapy 
aoents Thus, the invention shall only be construed in accordance with the following claims. 
9 The features disclosed in the foregoing description, in the following claims and/or in ^o = n9 
drawings may. both separately and in any combination thereof . be matenal for realising the invention in 
diverse forms thereof. 
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Claims 

1 . A compound of the formula: 



55 
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FU = C, N, O or S 



Rs = C or N 
Re = C or N 

R 7 = C, N, B, Zn, Mg, or Cu 

fls = C or N 

R 9 = C or N 

Rto = C, N, O, or S 

Rn = Cor N 

Ri 2 = C or N 

R13 - Rv9 s H. C n H 2nM (n=1-3), phenyl, naphthyl, pyrryl, pyrazolyi, triazolyl, tetrazolyl, oxazoiyl, 
isoxazolyl. thiazolyl. isothiazolyl, C n F 2n .n (n = 1-3), ArF (Ar = phenyl or naphthyl), RCO (R = C n H 2n ^ t ; n 
= 1-3), (C„F 2 „o)CO (n = 1-3). SOsM (M = Na. or K), CO2H, C0 2 M (M = Na or K), C0 2 R (R = C n H 2n *,;. 
n = 1-3), C02C n F 2n »i (n - 1-3), cyclic alkyl groups having the formula C„H 2n .i <n = 4-6), olefin derivatives 
having the formula C„H 2fM <n = 2-4), C„H 2n . 2 (n = 2-4). C n H 2n ^ (n = 2-3; m = 2-3), GONH 2l CONHR (R 
= C„H a „*i; n = 1-3), CON(R) 2 (R = C„H 2n *,; n = 1-3). F. CI. Br, I, CN, NC, NO2, NO. ArN 2 (Ar = phenyl 
or naphthyl). NH 2 , NHR (R = C„H 2n+1 ; n = 1-3). N(R) 2 (R = C n H*„^; n = 1-3). NHCOR (R ■ C„H 2n+1 ; n 
= 1-3). NHCOAr (Ar « phenyl, naphthyl). NCO. C(NOR)R (R = C„H 2 -i; n = 1-3), S0 3 R <R » C n H 2 ^^ n 
= 1-3). S0 2 R (R = C n H 2n .,; n = 1-3). PO3R (R * C„H 2n . t ; n = 1-3), <CH 2 ) n Ar {n = 1-3; Ar - phenyl, 
naphthyl), (CH2) n Het (n = 1-3; Het = pyrryl. pyrazolyi. triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, 
isothiazolyl), (CH 2 ) n COR (R = C„ + H 2n *,; n = 1-3). (CH 2 ) n CO(C«F 2n *,) (n = 1-3). <CH 2 ) r S0 3 M (n = 1-3; M 
= Na or K), (CH 2 ) n S0 3 R (R = C n H 2n . i: n = 1-3), <CH 2 ) n S0 2 R (R = C n H 2n0 . n = 1-3); <CH 2 ) n C02H (n = 
1-3), (CH 2 ) n C0 2 R (R = C n H 2n .,, n = 1-3). (CH 2 ) n F (n = 1-3), (CH 2 ) n CI (n = 1-3). <CH 2 )„ Br (n = 1-3). 
(CH 2 ) n I (n * 1-3), (CH 2 )„ CN (n * 1-3), (CH 2 ) n NC {n = 1-3), (CH 2 ) n N0 2 (n = 1-3). (CH 2 )„NO (n = 1-3). 
(CH 2 ) n ArN 2 (n = 1-3; Ar = phenyl, naphthyl), (CH 2 ) n NH 2 (n = 1-3). (CH 2 ) n NHR (R = C n H 2n . 1 ; n = 1-3). 
{CH 2 )nN(R) 2 (R = C n H 2n . n ; n = 1-3). (CH 2 ) n NHCOR (R = C n H 2n . i; n = 1-3), and (CH 2 ) n NHCOAr (n = 1- 
3; Ar = phenyl, naphthyl). 

R20 = F, C n H 2r) *i (n = 1-3). phenyl, naphthyl. or H. 
R21 = F. C n H 2n . t (n = 1-3), phenyl, naphthyl, or H. 

2. A compound having a formula selected from the group consisting of 
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10 




H, 
HjCjNH 



KH 



is 
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C H, Kt , j .a H ) 



3. A method for manufacturing a compound of the formula: 

CH- C1U 




li-C F F CH. 



said method comprising the steps of: 

reacting 2,4 dimethylpyrrole with acetyl chloride to produce pentamethylpyrromethene hydrochloride; and 
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reacting said pentamethylpyrromethene hydrochloride with a mixture comprising boron trifluoride etherate 
and triethyl amine to produce said compound. 

4. A method for manufacturing a compound of the formula: 



10 




said method comprising the steps of: 

reacting 2,4 dimethylpyrrole with acetyl chloride to produce pentamethylpyrromethene hydrochloride; 
'5 reacting said pentamethylpyrromethene hydrochloride with a mixture comprising ooron trifluoride etherate 
and tetraethyl amine to produce 4,4-drfluoro-1 ,3.5 f 7,8-pentamethyl-4-bora«3a,4a«dlaza-s-i ndacene; 
combining said 4.4.difluoro-l.3.5.7.8-pentamethyl-4-bora-3a,4a-diaza-s-indacene with "a solution comprising 
chlorosulfonic acid: and 

combining said mixture of chlorosulfonic acid and said 4.4Klifluoro-1,3 1 5,7,8-pentamethyHHDora-3a,4a- 
20 diaza-s-indacene with a solution comprising NaHCCh to produce said compound. 
5.~A lasing dye comprising a compound of the formula 

e„ e. s 

i i i 

v — rL 



30 



wherein 

35 Ri = C, N, B, Zn, Mg, or Cu 

R 2 = C or N 

Fb = C or N 

R* = C, N, O or S 

R 5 = Cor N 
40 R 6 = C or N 

R 7 * C, N, B, Zn, Mg, or Cu 

R 8 = C or N 

R 9 = C or N 

Rio = C, N, O, or S 
45 Rn = C or N 

R12 = C or N 

Ri 3 - Ris = H, C n H 2n + i (n=M-3), phenyl, naphthyl, pyrryl, pyra2olyl, triazolyl, tetra20lyl, oxazolyl, 
isoxazolyl, thiazolyl, isothiazolyl. C n F 2n+ i (n = 1-3), ArF (Ar = phenyl or naphthyl), RCO (R = C„H 2n + 1 ; n 
= 1-3), (C„F 2n+1 )CO (n = 1-3), SO a M (M = Na or K), C0 2 H, C0 2 M (M = Na or K), C0 2 R (R = C„H 2n *,; n 

50 = 1-3), COsCnFgp*! (n = 1-3), cyclic alkyl groups having the formula C n H 2n -i (n = 4-6), olefin derivatives 
having the formula C„H an ., <n = 2-4), C„H 2n . 2 (n = 2-4), C n H 2ft . m (n = 2-3: m = 2-3),CONH 2 , CONHR (R 
= CnH 2n *i; n = 1-3). CON(R) 2 (R = C„H 2n o; n = 1-3), F. CI. Br. I, CN, NC. N0 2 , NO. ArN 2 <Ar = phenyl 
or naphthyl). NH 2 , NHR (R = C n H 2n+1 ; n = 1-3). N(R) 2 (R = C n H 2n o; n = 1-3). NHCOR (R = C n H 2n+1 ; n 
= 1-3), NHCOAr (Ar • phenyl, naphthyl). NCO. C(NOR)R (R = C n H 2 ^\ n = 1-3). S0 3 R (R = C n H 2n o; n 

55 = 1-3). S0 2 R (R = C„H 2n *,;.n = 1-3), PO3R (R = C„H 2n0 : n = 1-3). (CH 2 ) n Ar <n = 1-3; Ar = phenyl, 
naphthyl), <CH 2 ) n Het (r. = 1-3; Het = pyrryl, pyrazolyi, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, 
isothiazolyl). (CH 2 ) n COR <R = C„ + H 2n . i: n = i-3), (CH 2 ) n CO<C n F2 n .,) (n = 1-3). <CH 2 )„S03M <n = 1-3; M 
- Na or K), <CH 2 ) n S0 3 R (R = C n H 2n .,; n = 1-3), (CH 2 )„S0 2 R (R = C„*W„ n = 1-3); (CH 2 )„C0 2 H (n = 

22 
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1-3). (CH 2 ) n C0 2 R (R =C n H 2nMt n = 1-3). (CH 2 ) n F <n = 1-3). <CH 2 ) n CI (n = 1-3), (CH 2 )„ 8r (n » 1-3), 
(CH 2 ) n I (n = 1-3), (CH 2 ) n CN (n = 1-3). (CH 2 ) n NC <n = 1-3). <CH 2 ) n N0 2 (n = 1-3). (CH 2 )„NO (n = 1-3), 
<CH 2 ) n ArN 2 (n = 1-3; Ar = phenyl, naphthyl), (CH 2 )„NH 2 <n - 1-3). (CH 2 ) n NHR (R = CH*,*,; n ■ 1-3), 
<CH 2 ) n N(R) 2 <R = C n H 2n .,; n = 1-3). (CH 2 ) n NHCOR (R = C n H 2n .,; n - 1-3). and (CH 2 ) n NHCOAr (n = 1- 
3: Ar = phenyl, naphthyl). 

R 2 o s F. C n H 2n ,, (n = 1-3). phenyl, naphthyl, or R 
R 2 < = F, C n H 2n ., (n = 1-3), phenyl, naphthyl, or H. 

6. A lasing dye comprising a compound having a formula selected from the group consisting of: 
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7. A method for producing laser light comprising the steps of: 
placing at least one lasing dye in a containment vessel, said dye comprising a compound of the formula 
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e ,* e„ e„ 

l 1 

~\ J. f > " 



wherein: 

R, » C. N, B. Zn. Mg, orCu 
/5 R 2 = C or N 
R 3 - C or N 
R* = C, N, O or S 
R 5 = C or N 
R 6 - C or N 

R 7 = C. N, B, Zn, Mg, or Cu 
R 8 = C or N 
R s = C or N 
Rio = C N, O. or S 
R, , = C or N 
R< 2 = C or N 

R< 3 - Rt<j = H, CnHgn^, (n=l-3), phenyl, naphthyl, pyrryl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, 
isoxazolyt, thiazolyl, isothiazolyl, C„F 2n ,, (n = 1-3), ArF (Ar = phenyl or naphthyl), RCO <R = C n H 2 »*,; n 
= 1-3). (CnFzn.OCO (n = 1-3), SG 3 M (M = Na or K), C0 2 H, C0 2 M (M = Na or K), COaR <R = C^fW,; n 
= 1-3), C0 2 CnF 2n -i <n = 1-3), cyclic alkyl groups having the formula C„H 2n ., (n = 4-6), olefin derivatives 
having the formula C n H 2fVl (n = 2-4), C n H 2n . 2 (n = 2-4), C„H 2|WII (n = 2-3; m = 2-3). CONH 2 , CONHR (R 
= CnHan^; n = 1-3), CON(R) 2 (R = C n H 2n ,,; n = 1-3), F, CI. 8r, I, CN, NC, NO2. NO. ArN 2 (Ar = phenyl 
or naphthyl). NH 2> NHR (R = C n H Zn .u n = 1-3), N(R) 2 (R = C n H 2n . t ; n = 1-3). NHGOR (R = CH***,; n 
= 1-3). NHCOAr (Ar = phenyl, naphthyl). NCO. C(NOR)R (R = C„H 2n .r. n = 1-3). SO3R (R = <W,; n 
= 1-3). S0 2 R (R = C n H2n„; n = 1-3). POaR (R = C n H 2n .r. n = 1-3). <CH 2 ) n Ar (n = 1-3; Ar = phenyl, 
naphthyl), (CH 2 )„Het (n * 1-3: Het = pyrryl, pyrazolyl. triazolyl. tetrazolyl. oxazolyl. isoxazolyl. thiazolyl, 
isothiazolyt), (CH 2 ) n COR (R = C„H 2n .,; n = 1-3). <CH 2 )„CO(C n F 2n + ,) (n = 1-3). (CH 2 ) n S0 3 M (n * 1-3; M = 
Na or K). (CH 2 ) n S0 3 R (R « C n H 2nM ; n = 1-3). (CH 2 ) n S02fl <R = CtWi: n = 1-3); (CH 2 ) n C0 2 H (n = 1- 
3). (CH 2 ) n CC^R (R =C n + H 2n .,; n= 1-3). (CH 2 ) n F (n = 1-3). <CH 2 ) n Cl (n = 1-3), (CH 2 )„ Br <n = 1-3). 
(CHz),, I (n = 1-3). (CH 2 )„ CN (n = 1-3). <CH 2 )„NC (n = 1-3). (CH 2 ) n N0 2 (n * 1-3). <CH 2 ) n NO (n a 1-3). 
(CH 2 ) n ArN 2 (n = 1-3; Ar = phenyl, naphthyl), (CH 2 ) n NH 2 (n = 1-3). <CH 2 )„NHR (fl = C 0 H 2n .,; n = 1-3). 
(CH 2 ) n N(R) 2 (R = C n H 2n .,; n = 1-3), <CH 2 ) n NHCOR (R = C n H 2n .,; n = 1-3). and <CH 2 ) n NHCOAr (n - 1- 
3); Ar = phenyl, naphthyl). 

R 2 o = F, CpHan., (n = 1-3), phenyl, naphthyl, or H. R 21 = F, C„H 2n *i (n = 1-3). phenyl, naphthyl, or H; 
and 

electronically exciting said dye in said vessel in order to produce said laser light. 

8. A method for producing a laser light comprising the steps of: 
placing at least one lasing dye in a containment vessel, said dye comprising a compound having a formula 
selected from the group consisting of: 

so 
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and electronically exciting said solution in said vessel in order to produce said laser light. 

9. A method for the destruction of neoplastic tissue growths in an animal subject comprising the 

of: 

administering to said animal subject a compound having the formula: 
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wherein 

R, = C, N, B, Zn, Mg, or Cu 
R 2 = C or N 
R 3 = C or N 
R 4 = C, N, O or S 
Rs ■ C or N 
R 6 a C or N 

R 7 = C, N, B, Zn, Mg, or Cu 
Re = C or N 
fl 9 = C or N 
Rio = C N, O. or S 
Ri i = C or N 

25 " = H, CnH^n^ (n*M-3), phenyl, naphthyl. pyrryl, pyrazolyl, triazolyl. tetrazolyl. oxazolyl, 

iscxazolyl. thiazolyl. isothiazolyl. C n F 2n *, <n = 1-3), ArF (Ar = phenyl or naphthyl). RCO <R * C " H J n +2 ] n 
= 1-3). RFCO (R = C n rW,. n « 1-3). SO3M (M = Na or K). C0 2 H, C0 2 M <M = Na or K). CO2R (R = 
CnHta*i; n = 1-3), CO z RF (R * C„H 2nt1 ; n = 1-3), cyclic alkyl groups having the formula CH^ (n = 4- 
6)" olefin derivatives having the formula C n H 2n ., (n = 2-4), C n H^ <n ■ 2-4); C„H 2lwn (n ■ 2-3; m = 2-3). 

30 CONH2. CONHR (R = C n H 2n+ ,; n = 1'3), CON(R) 2 (R = C n H 2n *,: n = 1-3). F. CI. Br. I, CN, NC. NO*, NO 
ArN 2 (Ar = phenyl or naphthyl). NH 2 . NHR (R = CH».+i; n ■ 1-3). N(Rte <R = C„H 2n *,; n = 1-3). 
NHCOR (R = C n H 2n .i. n = 1-3). NHCOAr <Ar = phenyl, naphthyl). NCO. C<NOR)R;XR ■ C„H 2n *,; n = 1- 
3) S0 3 R (R = C„H 2 * 1: n = 1-3). SOaR <R = C n H 2l4 .,; n = 1-3). P0 3 R (R = C n H 2n .,; n * 1-3). (CH 2 )„ Ar 
(n - 1-3; Ar = phenyl, naphthyl), (CH 2 ) n Het (n = 1-3: Het = pyrryl. pyrazolyl. triazolyl. tetrazolyl. oxazolyl. 

35 isoxazolyl. thiazolyl, isothiazolyl), (CH 2 ) n COR tR e C n + H 2n *,; n * 1-3). <CH 2 )„ CO(C n F 2n .,) (n = 1-3). 
(CH 2 ) n S0 3 M (n = 1-3; M = Na or K). (CH 2 )„S0 3 R (R = C n H 2n *,; n = 1-3). <CH 2 ) n S0 2 R (n = 1-3, R - 
CpHal.,); (CH 2 ) n C0 2 H (n = 1-3). (CH 2 ) n CO z R (R n - 1-3). (CH 2 )„F (n = 1-3) <CH 2 ) 0 CI (n = 

1-3). (CH 2 ) n Br (n * 1-3). (CH 2 ) n I (n = 1-3). <CH 2 ) n CN (n = 1-3). (CH 2 ) n NC (n = 1-3), <CH 2 ) n N0 2 (n = 1- 
3) <CH 2 ) n NO (n = 1-3), (CH 2 ) n ArN 2 (n = 1-3; Ar ■ phenyl, naphthyl). (CH 2 ) n NH 2 <n - 1-3). (CH 2 ) n NHR <R 

40 = C.Han*,; n = 1-3). (CH 2 ) n N(R) 2 (R = CHum! n - 1-3), (CH 2 )„NHCOR <R = C„H 2n+1 ; n = 1-3). and 
(CH 2 ) n NHCOAr (n = 1-3): Ar ■ phenyl, naphthyl). 
■ R 2 o = F, C n H 2n *i (n = 1-3), phenyl, naphthyl, or H. 
R 2 i = F, C n H 2o *t <n = 1-3), phenyl, naphthyl, or H; and 

illuminating said neoplastic tissue growths after said administering of said compound with light from an 
illumination source in order to electronically excite said compound, said excitation of said compound 
causing the destruction of said neoplastic tissue growths. 

10. The method of claim 9 wherein compound is selected from the group consisting of: 
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11. The method of claim 9 wherein said illumination source comprises an apparatus selected from the 
group consisting of a laser and sun lamp. 

12. A compound according to Claim 1 for use in the destruction of neoplastic tissue growths in an 

50 animal. 
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